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@ Composite nonwoven fabric lor surgical uaea. 

@ A composite nonwoven fabric (1) for use in dispos- 
able surgical items such as surgical gowns, surgical 
drapes and the like, comprising at least two moH-blown 
hydrophobic plies of microfine fibers (2, 3) of a fiber 
diameter of up to at>out 10 microns and at least one non- 
woven cover ply (4). The nonwoven cover ply may be an 
apertured film, a spunbonded ply or an air laid, wet laid 
or carded ply of fibers preferably of staple length or 
longer and, of particular importance to surgical Items, 
^ should be characterized by surface stability. When a 

< single cover ply is employed, the exposed melt-blown ply 
should be surface stabilired to Improve Its resistance to 
. abrasion and pilling. When additional strength is required, 
^ the fabric may include a strength ply of hydrophobic 
<0 spunbonded, air laid, wet laid or carded fibers. 
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C0HV'0.^7TrJ ryji-n-'OVI^K FABUIC FOR SltP-GICM. USES 

The Invention ?:elates to a coinposite nonwoven fabric 
and niore particularly to such o fabric v;hich is charr.cter- 
j zed by unique relationships between air permeability and 
resistc-nce to liquid and bacteria strikethrough . 

5 The coiuposite nonvvoven fnbric of the pjresent invention 

has many applications, and, in fact, may be used V7herever 
its unique liquid or bacteria strikethrough resistance/air 
perTT.eability relationships v;ould be advantageous. For 
example, the fabric could be used in the manufacture of 

lO laborator^j' coats, artist's smocks, hospital scrub clothes, 
rain wear or the like. As used herein and' in the claims, 
the phrases "liquid strikethrough" and "bacteria strike- 
through" refer respectively to the passage of liquid or 
bacteria from one surface of the fabric, through the 

15 fabric/ to the other surface of the fabric. 

V7hile not intended to be so limited, the composite 
nonwoven fabric of the present invention will be described 
primarily in terms of its application to surgical items 
such as surgical gowns, surgical drapes and the like. 

20 The choice to so describe the composite nonwoven fabric 
lias been made for tvjo reasons. First of all, the fabric 
of the prei:;cnt invcntior- lends Itself particularly well 
to fuircjiccil app3ic/i Lions, and secondly, the requirements 
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for suj:gi<;;-a api;.] acntiorjs arc generally far nioiife 
strinfjaist. than those fox- other applicc^.tiorjs;. • 

Prior art v.'orkerD have clevc..lc)pc-.d a nur.ibcr of fabrics 
for use in surgicaD govnis, surgical drnpcis and the .1il;c«. .• 
There are a number of critical physical prc.pertics which 
are sought for such fabrics. These properties include: 
essentially no particulate discharge (lint or the like), 
essentially no abrasion or pilling, high liquid 
strikethroxigh resistance, high bacteria stril<ethrough 
resistance, adequate strength and tear resistc;i*)ce , 
surface conductivity (i.e- a surface which will not hold 
a static charge which V70uid be dangerous in the presence 
of explosive anesthetic and the liJce:) , an anti-olare 
surface, flame retardancy, and a cloth like aesthetic 
primarily consisting of quietness and good hand (including 
such attributes as drape, feel, and flexibility) . 
Exemplary prior art fabrics are taught in U.S. Patent 
3,837,9 95 in the name of John G. Floden, issued 
September 24, 1974 and U.S. Patent 4,041,203 in the 
names of Robert J. Brock and Gary H. Meitner, issued 

August 9, 1977. 

While prior art workers have been able to achieve 
a number of these physical properties with a high degree 
of success, historically a single fabric (whether 
intended for reuseable or disposable surgical items) has 
not been developed which possesses all of these physical 
properties simultaneously. " It has liitherto been necessary 
to aim for the best possible trade-off between some at 
least of these properties. This is true-,- in part, 
because some of these properties tend to work 
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af.,r: ••i.'i;t e-cl) oVbcr. A i-ood c::anipa.o of this; is air 

1 i-.v oil the orje> hand and .Liquid strilcethrough 
rccir.l-.c ncc- on the otbci- . Prioa: art workers hove devir.ed 
nonvjov-.iJ inaleri k eucb as a flashspun polyolefin material 
(as t.ir.Kjht in U.S. Patent 3,169,899 in the name of Walter 
Steubcr, issued February 16, 1965) for disposable surgical 
gownr, ^^nd drapcK, and tightly woven waterproofed pima 
cottcn fabrics for reusable surgical gowns and drapes. 
VChile thc-ar- materials demonstrate good liquid strikethrough 
res-.ir;t e-i-.r^ (in the neighborhood of from 600 to lOOO milli- 

li-.eterK of H-O) , they demonstrate relatively lov; air 

3 2 

permeability (i .c-. belov? about 25 mm /sec-mm at 12.7rorn 
K2O differential pressure). 

Other nonv;oven fabrics have been developed for use 
in disposable surgical gowns and drapes. One such 
fabric comprises three or four tissue plies reinforced 
V7ith a nylon or cotton scrim. A fabric comprising a 
spunbonded web saturated with a suitable binder such as 
an acrylic latex and located between soft, absorbent 
tissue facing layers is taught in U.S. Patent 4,113,911 
isstied September 12 , 19 78 in the names of Larry L. 
Lafitte and James B. Camden. Yet another example 
comprises hydraulically entangled polyester and wood 
pulp tissue webs, as described in U.S. Patent 3,485,706 
in the name of Franklin J. Evans, issued December 23, 
19 69 . These last mentioned nonwovens demonstrate air 
permeabilities ranging from about 50 to about 500 mjn / 
sec-mir.^ at 12.7 mm H2O differential pressure. They also 
demonstrate liquid strikethrough values of 250 mm of 
H„0 or less. 



0006264 

The prBSBTit inv<:ntion is dir<u:l:ed to a cojupor>i i'e 
nonwoven f:j?.'vric having a liquid sUrikethrou.cO) resirt^ince/ 
air pexiiieability relationsliip xai: superior to any hitJior-- 
to knov/n* The ccmpoGite nonwoVan fcibric .r.iinulLaneou?5ly 

demonstrates an air perxueability in.excesc of 

09 3 
100 mm /cec-nun and preferably in excess of 150 mn-i /sec-nun 

at 12.7 mm differential prensure and a liquid 

st-rikethrough resistance well in excess of 250 nm of H^Or 

as will- be shov;n hereinafter- In addition, the nonv;oven/ 

composite fabric of the present invention is capable of 

resisting liquid striketbrough when subjected to pressure 

between tv^o opposed surfaces far better than even those 

surgical fabrics which demonstrate higher liquid coluran 

strikethrough resistances. This is also true when the 

fabric is subjected to such opposed pressure repeatedly. 

This property is significant since most pressures to v/hicli 

surgical fabrics are subjected in the operating room are 

of the opposed type, as for example the sleeve of a 

surgical gown when the surgeon leans his forearm against 

■ 

the patient or some other object. 

Bacteria strikethrough resistance is the primary 
purpose of a surgical gown or drape. Heretofore it has 
been generally accepted that the liquid column strike- 
through resistance of a surgical fabric is a measure of 
its bacteria strikethrough resistance, since liquids 
are the primary carriers of bacteria. This, hov;ever, 
does not take into account other possible modes of 
bacteria transmission and the fact that most pressures 
to which surgical fabrics are subjected in the operating 
room are of the opposed type. The composite nonwoven 
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ft-L)ric of Lbe presc-nH. invcintjoi) deo:no)ir.t.alc-e:; spperior 
bciclcri/i sir il.cth.T ougJi resistance^ vs'hexj riK-asured directly 
and under p-';»::-Kuxe fr era opposed surf acot:, as \\^ill be 
dosc:ribe.CJ hex .^.ina f ^.c?: . Thui; the fr.bric of the preisent 
invention exhibits not only a uniqtiv^ ciir permeability/ 
liquid nt rj kc-'throug)! resistance rela tionnhip, but also 
<i ur.icjue air permeabi li ty/bcicteria striliethrough resist- 
ance i:elationship as v^ell. 

In addition, th€^ fabric if> sufficiently tough and 
tear resistant, for surgical use and can readily be. 
treated to be flame reteardant and surface conductive, when 
required* Tiie fabric has surfaces which are essentially 
free of particle discharge, highly resistant to abrasion o 
pilling and appropriately colored so as to be free 
of glare. The fabric achieves a high degree of cloth- 
like character including quietness and good hand. 

SWL^IARY OF THE I WENT I ON 

The present invention is directed to a composite 
nonwoven fabric which, although not so limited, is 
particularly suited for use in disposable surgical 
items such as surgical gowns, surgical drapes and the 
like. In its simplest embodiment, the composite nonwoven 
fabric comprises at least two hydrophobic plies of 
microfine fibers of a fiber diameter of about 10 microns 
or less and a cover ply adjacent one of the plies of 
microfine fibers. The cover ply may lend strength to 
the fabric and, particularly when the fabric is intended" 

* 

for use in surgical items, should be characterized by 
surface stability, i.e. resistance to abrasion and 
pilling. When a single cover ply is employed, the 
exposed microfine fiber ply should be stabilized to 
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,nv^l.h v;c;b :>l:oul<^ b- • hydi oph->bi.c in nnturo and may-- 
yy.'. loc.- iv-c; anyv>^ore' v.'ithj J. t.l)C:^ fctbric sLruct.ure, so . 
.lor>M a.s it not in Vorctcre.- with appropriate bonding 

oi th.-: fabric pJics, as will lie d(-scribed hcreinnfter . . 

Til boUi L:T.i.'.-.diir.enV.-j, the two or more microfine 
fiber pixcjs, ar;a prcf cir.-. bly the entire fabric structure, 
Gliouid be: uv.bondo-d or nininally bonded to assure achieve- 
rr.cn L. or. thp unique, liquid and bacteria strikethrough 
resistance/ air pemie.ibility relationships of the 
fabric. To this end. the plies of the fabric are 
prc'forobly joined only at the edges of the fabric 
or at thfc seams of the gown, drape or other structure 
r.icide of the fabric. In instances where additional 
joining of the plies is desirable, spot bonding, as is 
v.v>n >c3sov7n in the art, nsy be c».ployed. Bondincj may be 
accomplished by the use of an appropriate bonding agent 
preferably a hydrophobic bonding agent. Heat bonding 

nay also be employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a semi-diagrarnraatic , fragmentary, 
crous sectional view of one embodiment of the fabric of 
the present invention. 

Figure 2 is a fragmentary cross sectional view of 

on exemplary apertured film. 

Figure 3 is a semi-diagraimuatic , fragmentary, cross 
sectional view of the embodiment of Figure 1 provided 
v/ith an internal strength ply* 

Figure 4 is a semi-diagrammatic, fragmentary, 
cross sectional view of another embodiment of the fabric 
of the present invention provided with two cover plies. 
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inip:'ov€j its-*; rc:sir5t-ajK;e 1:o oloiiD'lon a,nO, i.>ill:i.Dg. 

The cover ply iiuuy he. ixn apei*l:urcd filia^ a sv>pnbond?/id 
web of rayon, polye^Lor, polypropylene, nylon, or blencJs 
thereof, or a discontinuous f ibf3r v;eb f:oaiipr ising an air 
laid; wet laid or carded v/ob prcferabJ.y of staple length 
or longer fibers made froin cellulose (such as cotton) , 
rayon , sj^nthetic material (such as pol^'propylene r polyestco: 
or nylon) or mixtures thereof. /\ tissxae v;eb may also be 
used. 

Another basic embodiment of the present invention 
differs from tha.t described above only in that it is 
provided with two cover plies ^ The cover plies may be 
selected from any of the apertured film, spunbonded, 
v;ebs or discontinuous fiber v;ebs mentioned above. The 
cover plies may be identical or dissimilar depending 

* 

upon the particular surface properties sought for the 
fabric, as will be described hereinafter. 

In both of the embodiments described above, there 
must be at least two hydrophobic plies of microf ine 
fibers. There may be more than two such plies. In 
general, little advantage will be achieved if the number 
of such plies exceeds about 4 or* 5. The number of 
microf ine fiber plies will depend upon such factors as 
the nature of the cover plies, the basis v;eight and 
uniformity of the microf ine fiber plies and cost. 

In both of the eiribodiments mentioned above, if the 

one or two cover plies do not impart sufficient strength . 

• • I 

to the fabric to meet the particular requirement of 

the use to which the fabric is put, an additional internal 

strength ply may be incorporated in the "fabric. Such 

a strength ply may comprise any one of the above 

mentioned spunbonded or discontinuous fiber webs. Such 
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seci:iona3. view of a fnbric siiaiiar uo Lhal: of J/'igurc 4 1- 
but providcid v;ith three miaxof jj^et. f ihvr, layers. 

4 

Figure 6 is a t^-agiVicn-Lary plan viev? of the fabric 
of the xjresvrnt invention illuiT trs ting both edge 
bonding and patterned point bonding: 

■ 

Figure. 7 is a fragmentary plan viev/ siir.ilcir to 
Figure 6 and iJ.lustrating random point bonding. 

Figure 8 is a fragmentary plan viev; similar to 
Figure 6 and illustrating discontinuous pattern bonding. 

Figure 9 is a fragmentary plan viev? similar to. 
Figiire 6 and illustrciting continuous pcittern bonding. 

Figux"e 10 is an elevationfil view of an exemplary 
surgical gown made of the fabric of the present 
invention. • 

Figure 11 is a plan view of an exemplary surgical 
drape made of the fabric of the, present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENT 

One embodiment of the fabric of the j^resent inven- 
tion is illustrated in Figure 1, v/hich constitutes a 
semi-diagrammatic cross sectional view. The embodiment 

* 

of Figure 1, generally indicated at 1^ comprises a 
three-ply structure. It will be understood that the 
plies have been exaggerated in thickness for purposes 
of clarity- 
Plies 2 and 3 each comprise a nonwoven v/eb of 
microfine hydrophobic fibers having »a fiber diameter 
of up to about 10 microns and pircferably up to about 
4 microns. For example, plies 2 and 3 may be melt-blown 
plies of the type taught in the article entitled 
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^;l.J^T•.j•:J■J '^i.; 'j-rj:i;i-:opi.-.-iST:i(;. riBEi-'j". i>y Vfi.n A. vJcntc, 

lS>r>C, Volvir.ie i-:c. . S (pp. 13'i2"134 6) . Vvhile the 

nielt-Dlov.-i. ;:ia!:.':r jai Tsii-y be Jiy.lorr, polyester, or any 
poly;::c'.r or pajyrner blend tapfblc of being nelt-blown, 
a niclt.-bl ov.Ti polypropylene web is preferred. Each 
of plicr; 2 and 3 could coittprisci 2. or r.ore layers or 
zones of c2iffercnt r.ielt- blown polymers. Plies 2 and 
3 cac3) sihovild have a basis weight of at least about 
10 g/jii^ . and' preferably a basis v;eight of from about 
15 a./n?' to about 30 g/m , and a density of up to 
about 0.15 g/cc and preferably up to about 0.1 g/cc. 
Plies 2 and 3 may or r.iay not be identical. 

The embodiment ofi-Fiqure 1 has a cover ply 4. As 
be evident hereihafter, selection of the- cover 
ply 4 should be made in accordance with the proper- 
ties required of .1:he surface of the fabric, depending 
upon the intended use of the fabric. For purposes 
of this invehtioj^^/^ the cover ply 4 should be air 
permeable anA>:' when intended for use in surgical drapes 
or gowns, should be characterized by essentially no 
lint discharge and high resistance to abrasion and 
pilling. The cover ply should be tneatable either 
during its manufacture or thereafter so as to have 
good surface conductivity and to be flame retard ant, 
if reouircd. It should be capable of being colored 
in r.uch a fashion as to be. free of g^lare. 

The cover ply 4 may, for example, constitute an 
apertured film of the type described in U.S. Patent 
3,929,135 in the name of Hugh Ansley Thompson and 
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dated December 30, 1975 and U.S. Fntc:>t. 3,yGe, 867 in i-hi- 
name of Jajr^es Bryant S.isson and dated November 2, 1976. 
These references teach the fornation in a liquJd iinpc-jr- 
vious film of a plurality or tapered capiHaraes, each 

5 with its base in the plane of the film or a portion 
thereof and its apex remote therefrom. An exemplary 
film of this type is illustrated at 5 in Figiire 2. The 
film 5 is shown having a plurality of capillaries in 
the form of cones 6 formed therein. Ec?ch cone tapers 

10 upv/ardly and inwardly and terminates in an opening 7* 
The film 5 preferably has a thickness of from about 
. 01 mm to about .05 mm before the formation of the 
cones 6. The film may be any appropriate flexible, 
liquid impervious film which is embossable. The film 

15 is preferably a thermoplastic such as polyethylene or 
the like. 

Apertured film of* the type just described 
constitutes a preferred cover ply for many surgical 
applications for a number of reasons. The apertured 

20 film is air permeable and can be naturally hydrophobic. 
It is abrasion resistant and lint free. The film is 
opaque and can be easily and economically obtained in 
a range of non-glare colors. It can readily be 
rendered electrically conductive either by adding an 

25 anti-static agent to the polymer prior -to film 

formation, or by treating the completed film v/ith an 
anti-static agent, as is known in the art. It can 
similarly be rendered flame retardant. 

In the above mentioned U.S. Patents. 3,929 ,13 5, 

30 and 3,989,867 the apertured film is taught as being a 
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Kill .toi-.c Xoycj for r.).;:>orpl.i vt; device;; such as c'. -i a per s , 
f.;:r,it.z :--' nuokir-f. , bcti. pad?;, inccritinent: pads, towcls-r 
br.nclr. cjivl Die like, Vndcr these circumstances it 
is Di-e^ci 3 cTj t}uit the concis 6 be so oriented as to 
face i3v-r.:3;ny to\/c)rd the inner absorjjtivs layers of 
the stiu::ture. In the present application, when the 
apc-rtured film serves as the single cover ply 4 of 
the structure of Figure 1, it is preferred that the 
cones e::tend upwardly of the fabric surface/ i.e. away 
from plios 2 and 3. This orientation of the apertured 
film proiT^otes both the bacteria str ikethrough resist- 
ance and liquid str ikethrough resistance of the fabric. 
Thus, \vhen the exterior surface of apertured film is 
subjected to a liquid, the liquid tends to collect 
bet\';een the cones 6. When the fabric is subject to 
pressure by opposed surfaces, the cones 6 tend to crush, 
partially or completely closing the apertures 7. 

The cover ply 4 may also constitute a spunbonded 

2 

veb having a basis weight of up to about 34 g/m . When 
a spunbonded v;eb is used as cover ply 4, it should 
constitute a continuous filament web having a filament 
diameter of up to about 40 microns.. The spunbonded 
material may be made from any polymer or polymer blend 
capable of being spunbonded, the most common being rayon 
polyester, polypropylene or nylon. Spunbonded polymers 
such as polyester, polypropylene and nylon are naturally, 
hydrophobic. Spunbonded polymers such as rayon are 
naturally hydrophilic and may be used when it is desired 
that cover ply 4 be an absorptive .cover-'ply, or may be 
treated to be hydrophobic, as is well known in the art. 
The spunbonded web may comprise two or more layers of 
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diffrfv-eni: polY,:i.:;rs or polyia(r.r birnus. . 

Since spujibortfiecl wahz ai-e by vix-tu^ of l-ijeir juanu- 
f cic tux-iug process continuous f :i .Ininent: v^cibs, they are 
naturcilly strong^ abrasion r e^irU-.ta.nt uiid. lint free, . 
Such webs can be appropriately colored and Ccin be treated 
to be surface conductive and flam^ rctardant if required* 

The cover ply 4 Kiay also be r.ade of nonv;oven \7ebs of 
discontinuous fibers such as tissue* To achieve a good 
balance of abrasion resistance, air perraecibility and low 
3.int discharge it is desirable that the fibers be of sub- 
stantially staple length or longer (i»e* about 10 mm or 
more) . Such webs may, for example be wet laid/ air laid or 
carded webs of cellulose fibers (such as cotton) ,rayo3i 
fibers, synthetic fibers such c\s polypropylene, polyester 
or nylon fij:?ers, or mixtures or layers of cellulose or 
rayon and synthetic fibers. 

VJhile such discontinuous fiber cover plies perform 

well,, they are generally less strong than spunbonded 

cover plies. Again, the discontinuous fiber plies 

2 

should have a basis weight of up to about 34 g/m * 
These plies can also be appropriately colored and can 
be treated with an anti-static agent and a flame retard- 
ant agent, as is well known in the art. 

In the embodiment of Figure 1, the microfine fiber 
ply 3 is exposed (i*e. not protected by a cover ply). 
Under these circumstances it is desirable to surface 
stabilize ply 3 to improve its abrasion resistance. 
This can be accomplished in a number of well known ways, 
as by heat embossing the ply. Sxiqh surf^a-ce stabilization 
will increase the density of ply 3 detracting somewhat 
from the liquid and bacteria stx-ikcthroi^gh resistance/ 
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•jlie fr:bj:.i.c of i-igor.'? .1., J'.r. a v,'ho3.e, nlioulcl be* 
r..uJ:.r-i.civiit:' Y i-t::cng o eif i cicritly serve the. purpose 
l-.o- which i-:. i:; i.ntc^jdca. If i-be fabric dofen not 
hc-ive i-nfil-iclcnt r-;l.i:er>9t:h, it nay include at least 
cnc acldit-lc.):>.l interral strength ply.. Figure 3 
illuPtrjitor. a fabric la substantially identical to that 
of Firure 1 ani3 lihe parts have been given lil;e index 
nuTTicrals, The eiubocliment of Figure 3 differs from that 
of Figure 1 in that it includes a strength ply 8* The 
strength ply 8 may constitute any one of the spunbonded r 
or cUscontinuous fiber webs described fibove with respect 
to cover ply 4, with the exception that it must be 
naturally hydrophobic or treated to be hydrophobic. 
The strength ply 8, is illusti'atcd as being located 
between the microfine fiber plies 2 and 3* It may 
also be located between the microfine fiber ply 2 
and cover ply 4, so long as the strength ply 8 and 
cover ply 4 are of such nature that they v;ill not 
interfere with the bonding of the fabric, as will be 
discussed hereinafter. 

Another fabric embodiment, of the present invention 
is illustrated in Figure 4 and is generally indicated 
at 9. The fabric of Figure 4 comprises a pair of 
microfine fiber webs 10 and 11, identical to the webs 
2 and 3 described V7ith respect to Figure 1, with the 
exception that neither is exposed arid thus requires no 
surface stabilization. The fabric 9 differs from the 
fabric 1 of Figure 1 primarily in that it is provided 
with a pair of cover plies 12 and 13. Cover ply 12 is 
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equivalent-, to cover ply 4 of Ficjure 1. Cover ply 13 
consl-itutes an iiclditona], co\ex.ply. Tho cover plies 12 
and 13 may be nade of any of the ir.atcrials described 
with respect to cover ply 4 of Ficjur« 1 including the 
apertured film, the spunbonded webs and the dis- 
continuous fiber v;ebs mentioned above. Cover 'plies 12 
and 13 may be identical ^ or they lusy be dissimilar. 

In order to achieve the unique air perraeability/ 
liquid and bacteria strikethroiigh resist<ince 
relationships of the fabric of the present invention, 
it is necessary that the fabric contain at least two 
microfine fiber plies of the type described- It has 
been determined, for example, that two microfine fiber 
plies demonstrate greater liquid str ikethrough resist- 
ance than a single microfine fiber ply having an 
equivalent basis weight. The fabric may contain more 
than tv;o such plies as is illustrated in Figure 5. 
Figure 5 shows a fabric 9a similar to the fabric 9 of 
Figure 4 and again like parts have been given like index 
numerals. The fabric 9a of Figure 5 differs from the 
fabric 9 of Figure 4 only in that a third microfine 
fiber ply 14 is provided. The third microfine fiber 
ply 14 may be identical or different from the plies 10 
and 11, in the same manner as described with respect to 
plies 2 and 3 of Figure 1. 

The number of plies of microfine fibers provided 
in the fabric will depend upon a number of factors 
including the severity of the conditions promoting 
liquid and bacteria strikethrough .to whi-oh the fabric 
is subjected, the basis v.'eight and uniformity of the 
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j.r-,.:-:..oJ-.i ;i - : - v.'r pi! lie.-, U><i nc-l-Ov:j of the cno or :ni)r^' 
covc-i rJ t.na cosi.. It lu'.a; bocj-i found that when the 
nu::ib.-.; o.r- rdcro.^in? i-ibcr laves exceedr. nore th«n about 

or f>, .•■cJacc) c.civc=n tage in .iJqtod iind bacteria 

r.lr.i;..r-i)irL>uc;}! resistance is not creat end will be 
o:i:::rt by c d.iin:; nishcd air pernneability and 
;).7^'.p::i:. .-icryt of the hard characteristics of the fabric 
including rlv..p<n, coni;orinabilit.y . lack of stiffness 

nnr"' tlic liV.o. 

In cither of the. fabrics of Figures A and 5, at 
Ic'uit one ;).tei.nal strength ply may be included, if • 
reqjired. Sych a strength ply should be the same 
ai/strenc;th ply 8 described with respect to Figure 3. 
The strength ply should be hydrophobic and may be 
located anywhere within the f?;bric structure so long as 
it does not interfere with the bonding of the structure. 

In all of the fabric structures thus far described, 
it has been found that the entire structure should be 
only minimally bonded to assure achievement of the 
liquid and bacteria strikethrough/air porosity relation- 
ships mentioned above. To this end, the various plies 
of the fabric may be joined together only at the edges 
of the fabric or at the seams of a structure made of 
the fabric. When additional bonding is required to 
prevent the plies from slipping or shifting with respect 
to each other, spot bonding may be employed. The terra 
"spot bonding" as used herein ar.d in-.the claims is 
intended to be inclusive of continuous or discontinuous 
pattern bonding, uniform or random point bonding, or 
combinations thereof, all as are well known in the art. 
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TcfGroncp. is luacic to Figurci 6 wljc.yoi.rj zi fabr.lc - 
of tlie prc5;cnt inve^ntion (which i.^ay be ar-y of the fa]?ric5 
illui;tratt-fa in Figuress 1 and 3 through 5) is f ragraen tarily 
shown. The* fabric is generally indicated at 15. The 
fabric ic illustrated as being joined along its 
pex'iphcral edges as at 16, and 17. The fabric is 
further illustrated as being unifcrnly point bonded by 
individual point bonds 18 arranged in rov?s 19* The 
ro\v2 19, in turn, are arranged in a decorative "chevron" 
pattern. Figure 7 is siinilar to Figure 6 and like 
parts have hoon given like index nun-^erals. Figure "7 
differs front Figure 6 in that it illustrates random 
point bonding, the point bonds 18a being randomly 
located on tlie fabric. In addition, point bonds 18a may 
or nay net be randomly sized. Figure 8 is again sirailar 
to Figure 6 with like parts having been given like index 
numerals. Figure 8 illustrates an exemplary form of 
discontinuous pattern bonding. The bonds 19a are 
similar to the rows 19 of Figure 6, but themselves 
constitute continuous bond lines rather than a 
plurality of aligned point bonds. Figure 9 (again 
similar to Figure 6) depicts an example of continuous 
pattern bonding wherein the stripes of bonding 19b 
extend continuously across the fabric. It will be 
understood that stripes 19b could extend in any direction 
including the machine or cross direction. It v/ill 
further be understood that combinat:ions of these various 
types of bonding could also be used. 

It will be understood by one skilles3.. in the art 
thcit at each individual bond position the fabric 
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oT. : jK'vo^Ui^.^.lvr.f.-., \.'hon app.vopr-i.ntc.-ly acrjigncd 

:i.jtd l.i.uK^c', the bojidr. .i. ciuu-.o no apprcci.^ble effcci: 

ov, i;.-: y.arni oi the ovr:):::ll fabric st"u::i:vvro oiid no cignii:.--. 
.ic.-.= r:t. c.i f ftc t. oil its liquid anc3. bacteria strilvcthrough 
reDir:-.ancc-/r.ir pc-rmcabili'.y rc.:..atior.ship.s . Both the edge - 
bonclK 16 aV,.^ 17.. the individurjl point, line or stripe bonds 
18, ina, leu did l?3b can be accomplished in a nur.ber of 
v;ciyi.. i-or c::a:npla, they K»ay be achieved by various well 
10 hnown inet),odr. of heat bonding including ultrasonic welding. 
All of the plies heretofore described are heai; bondable 
with the exception of webs which are made up of 50% or more 
rayon fibers. Even when such webs are used as cover plies, 
heat bonding may be utili-^^ed since the adjacent thermo- 
pl-r.Uic wobs will :r.elt into and bond with such webs- The 
same is, of course, true of a 505 or iiiore rayon fiber 
strength ply. However, it will be understood that such a 
strc^ngth ply should not be located adjacent a 50% or more 
rayon fiber cover ply, if heat bonding is to be used. 

It is also possible to accomplish the edge bonds 16 
and 17 and/or the point, line or stripe bonds 18, IS.a, 
19a and 19b through the use of any appropriate 
hydrophobic bonding agent. Such hydrophobic bonding 
agents are numerous, readily available and their uses 
25 are well known in the art. For example, the most 

coramonly used bonding agents are acrylic latexes. ^ 
styrene butadiene copolymers, ethylene vinyl acetate 
copolymers or a hot melt such as polyethylene. 

Q^he edvTO bonds 16 and 17 will incorporate all of 
the 5cibric plies. The same would be true at a seam in 
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a Gtriici-.nrcj jnp.cie of the fabric. The liidi vidui- "J r.}:v.>l-., "• 
line or stripe IjoiiQi; lei, IRa, IS^a and l?5b uuiy be r.i<icli5 

after assambiy of the fabric su ris to join all ol tho 
pl.i es or they may be used to join only neilected onT^r. 
of tho fabric plies prior to fir.cil asseiTibly of the 
fabric. For example in the structures of Fig-ares 1 and 
3 through 5 such spot, line or stripo bonfi.T* can be used 
to join at lecist one outei: ply to its adjacent inner ply. 
Two or more i)iner plies can also be boncic:d together » 
Various plies can be bonded by different bonding agents 
in different bonding patterns . Overall fabric bonding 
can also be used in conjunction with individual l<xyv.r 

bonding . . 

As will be pointed out hereinafter, the fabrics 
of the present invention (as illustrated in- Figures 1 

and 3 through 5) demonstrate excellent air permeability 

3 2 

well in excess of 100 nun /sec-mni and preferably in excess 
of 150 mm-^/sec-mra^ at 12.7 mm HjO differential pressure and 
at the same time a liquid column strikethrough resistance 
well in excess of 250 mm HjO and a bacteria strikethrough 
resistance in excess of 20 kilonev:tons per squax-e m.eter, 
as v^ill be described hereinafter. The precise reason 
or reasons for the high liquid. and bacteria strikethrough 
resistance characteristics of the fabric of the present 
invention are not fully known. V7ithout wishing to 
be bound by theory, it is believed .that there are 
several factors contributing "to these properties of 
thG fabrics. First of all, the at least two interior 
microfiiie fiber plies are not readily penetrated by liquid 
by virtue of their physical construction. In additj.on. 
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t Iv - 3 • • a'--'-. l)Vi-l.ropiK..';.-3 r- • Hcvond t-his , since 

tJ^. :i.i.crv.»i :> iio Inycri; r-re ur-boncJed cjr min.imally 

c. Ticuiid pGViit-at.ing one of tlurije plies 
jiv:y )>ave <i tenocncy to r>p"f.=.c3 latercilly between thai- 
ply r.'v.o \:ho nftxt. befors bc-.y inning to penetrate the 
next ply. Tlrac, there v.-ould j>e a pressure -elease 
bctv-eon the plies of tlie microfine fibers. The same 
P3 earsure. rclcrar.e would occur becv;een a microfine fiber 
ply and an adjacent strength ply or an adjacent hydro- 
phobrJc cover ply. That is, this pressure release would 
occur bctv;een any tv.'o adjacent hydrophobic plies. 

It is bc?lieved that the best liquid and bacteria 
s;trikethroucrh resistance/air permeability relationships 
iire achieved when one or. both of the cover plies con- 
stitute apertured fi3.m of the type described above. 
As indicated above liquid on the exterior of the fabric 
tends to collect betv.'een the cones of the apertured 
film ply. In addition, the cones tend to collapse 
when the fabric is subjected to pressure by opposed 
surfaces, thus partially or completely closing the 
apertures in the cones. It has additionally been found 
that when the fabric is provided with two cover plies, 
both of apertured film, the orientation of the cones 
(facing outv;ardly or facing inwardly of the center 
plies) does not make as significant a difference as 
when only a single apertured film cover ply is used. 
In either event, however, orienting ..the apertured film 
in such a way that the cones face outwardly of the 

fabric is preferred. 

It har, further been determined that the use of 
at least one cover ply which is hydrophilic (i.e. 
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ab5;orbant: in )T::turc::) cic^eu nol material-ly effect 
eiuhcrv the high hector ia fitrj/Kothrough jresistance 
or t}io hicjh liquid s crikelhrough , resistanco chai:- 
acterir^t-^ cc of the fabrics oL the pn^sent invention. 
There moy be instep vices v.'hera it would be desirable, 
to provicu3 an abr:orbent cover ply (such as a spun- 
bonded r^.ycn ply) . For exaiaple^. an absorbent ply 
may be provided on that surface of a garment v/hich 
is adjacent the v;Garer's skin. Such a ply would not 
only he comfortable;- but also v;ould tend to absorb 
perspiration* 

The fabrics of the present invention are char- 
acterized by excellent hand properties inclusive of 
drape, feel, conf ormability or flexibility, and 
cojupressibility , In additioji, these fabrics are 
quiet,. Iac3:ing the paper-like crinkle or rattle v;hich 
is. characterist.T c of most prior* art nonwoven surgical 
fabrics. 

The fabrics of the present invention afford a 
unique versatility in the manner in which they may be 
made up to meet the particular requirements of the 
use for which they are intended. For an exemplary 
illustration of this versatility, reference is made 
to Figure 10 which illustrates a typical surgical 
gown generally indicated at 20. The gown comprises 
sleeves 21 and 22 which may be provided with cuffs 23 
and 24, respectively- The gown has a front panel 
25 v;hlch is intended to cover the front portion of 
the surgeon and to extend partially around his sides. 
A pair of rear panels 26 and 27 are intended to 
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cixi.CKo bcj::5r.a vhe .sui-yoon a;)d v.i.ll norn^.c^Ily overlap- 
KiC'"::/. (iiOt b:\ov:;^) ir.ay b-? provitlcci Lo belt ctnd tie the* 

The: fab- ic;=j of the px-eseut invention lend theniiiolve 
\7e'.\X to use in such narcjiccil cjo'.vn5=i» This is 
trun ):ot only because of their cloth-like character- 
istics and t]Kir 5;urfcica cv^nductivity , anti-glare 
and flcJine rctordont proper tienw but also because of 
their unique air pern^eability/liquid and bacteria 
stvikethrougb resistance relationships. The fact 
that the fabrics are air permeable will contribute 
greatly to the surgeon's corafort. The fabrics liigh 
resistance to bacteria and liquid strikethrough is of 
grcrit irr.por tc^nce to both the patient's and the 

surgeon's safety » 

The gov7n may be made entirely of any one of the 
above described fabric ern.bodixaents . The exterior 
surface of the gown should be hydrophobic as well as 
being appropriately colored and electrically con- 
ductive. The plies of the fabric from which the gown 
is made may be bonded together only at sleeve seams 28 
and 29,. seams 30 and 31 where the sleeves join the 
gov;n, seams 32 and 33 were the front panel 25 joins 
bac): panels 26 and 27 and at the peripheral edges of 
the gown. V?here additional bonding of the fabric is 

deemed desirable^ any of the methods described above 

* » • I 

may be employed* 

It is possible to make various parts of the 
surgical gown 20 from various ones of the "fabric 
embooimenti; of the present invention to best meet 
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the need:: ol Lhcit ) v:i.r v\icular guv/A ]>art. Fc^r exoniplcr:, 
the G3r-cver 21 av.6 72 of the oowu co:^:i-t i Lute portions 
of the cjcv7n ;r.orjt likely to be subjected Lo opposed 
preii::,iirG anci theroroft: are raost likely Lo suffer from 
liquid and b^ictoria strikGt.hroucjh . They also 
conr;t.ituto the only part of thtr qown \vljich nornially 
hcis direct contact v.'ith the surgeon's s3;in since 
most scrub clothes are short rsleeved. P.s a result, 
in an exemplary preferred eriibodinient the sleeves may 
be made of a composite nonwoven fo-bric comprising 
an outer cover ply of apertur .^rr^ film (with its cones 
extending outv/aidly of the fabric) three rnicrofine 
fiber plies and an inner cove:r ply to lend strength 
to the fabric and to be comfortable against the 
5uryeon-s skin. Such a comfort ply can coj-v;prise a 
spunbonded or a discontinuous fiber web of rayon. 
Such webs are naturally hydrophilic and thus \vould 
be absorbent. If desired, they could be treated to 
be hydrophobic. 

The next most critical portion of the gown is the 
front panel 25 and, in particular, the upper portion 
of that panel defined by the surgeon's neck, shoulders 
and waist. An exemplary front panel would comprise 
an apertured film outer cover ply, two hydrophobic 
microfine fiber plies and an inner cover ply 
either of apertured film or in the form of a comfort 
ply of the type describtKl. above i ' * 

The back panels 2G and 27, while they should be 
comfortable and air permeable cire far lest-? likely 
to be subjected to liquids or bacteria. 7vs a consequence. 
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hi.Lh pciv.cUv .'10 c*}:C y/i could bv T:i:A'3t». uj;. ot ciny cJppio-- 
!)ijr.-rc» nc-iiv.ovon faha Ic. They could, f.or example, be iTiad 
ui» of a Lc^l^vic niiiVjTily ccn^prising an aj;»ertnred film aut:Gr 
j.'ly and a .siijglc ir.icroline fiber ply suitably .vLc^bilized 

Surc;ic-:a3 y\u\r:\'z of the type clc-:3v-:r ibed could be jn^ide 
up or fcibvic?^ tailor «.-.!d to thcj n:^.ture of t]je operation to 
be p:fi:f or::^Ct:: . For e:: ample, the number of plies and 
thc>ir n^turo could be varied depending upon the amount 
of Ti-icdical «?nd body liqui^ds liJ'ely to be encountered 
by the r.uroical go\vvi by virtue^of the nature of the 
operation to be performed. 

Figure 11 illustrcAtes an exemplax-y surgical 
drape. The drape has a main portion 35 provided v;ith 
a f enesuration 36 at the site of the surgery . 
Connecrcd to the main body portion 35 at seams 37 and 
38 there may be additional panels 39 and 40 adapted 
to cover the sides of the patient and extend down- 
v^ardly over the edges of the operating table* 

Again the surgical drape 34 may be made up of 
any of the fabric embodiments of the present invention. 
The fabric plies may be joined together only along 
the seams 37 and 38 and along the pe.ripheral edges 
of the drape. The plies may be additionally bonded, 
as described above, if desired. VJhile the drape 34 
may be provided with an upper or outer cover ply 
selected from any of the above taught cover plies 
V7hich are hydrophobic in nature; in many instances 
it is de-sirable to have an absorbent upper cover ply 
to control fluid run-off. To this, end, en exemplary 
cons true tion of the drape 34 comprises an upper cover 
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libera ox lOO^c rriyon or a ^v^ixture of rayon fibers 
and cyj.lJ.r-tic fibexG such cj-. pclypropylesie , po'Iyestor 
or nylon fiborc. The clrap^ 34 may be proviv-led 

with tv;o or more hyc>ropho3.>ic riicrof.Uic: fiber Ir^.yerS/ 
the bottorjnost one of which is sur^c^ce stabilixed to 
improve it5; abrasion resistance- Thus, the drape iTiay 
have a construction similar to tliat illustrated in 
Figure 1 . 

The drape could also be provif^.ed v.'ith an inner 
cover ply, as for example an apertureci film cover 
ply. The innerj.iosL cover ply need not constitute 
a comfort ply particularly in instances where the 
patient is anesthetized. 

It is also possible to vary the fabric's 
construction in different parts of drape 34 in much 
the same manner taught with respect to surgical gown 
20 of Figure 10. Thus, since the side panels 39 and 
4 0 are likely "to be subjected to less pressure by 
opposed surfaces and since large portions of them may 
well extend belov/ the operating, table, they could 
be made up of fabrics having fewer hydrophobic 
microfine fiber plies than the main body portion 
3 5 of the drape. 

Selected areas of drapes and gov^ns are 

conventionally reinforced by means of patches (of 

film, film lamina Les or the same material as used 

• * . . I 

to make the drape or govm) v/hich are adhesively 
affixed or otherwise attached to the drape or gown. 
Such patches may similarly be provided on^drapos or 
gowns made of the fabric of the pr»:t<;ent invention. 
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v;ii :..-. .1:1 ;•. p.- J- f i:= v-rco ai> a (.over )>? V t-ViC 

1UC.N' }-..:• ",on- ar..'-.:t.u:cd to uniquely .-ichievG the equi valc-i^t: 

of ^iu:3) a pi.tcli wit.hout i;c.:oinq a(!diLional incit-rial, 
stiff ;je.v.L^ or co.s;t to V.b.c c;ov;:) or crape- 

The test procedures \jsed to dGterxaii-s*? the unique 
proper tie.G of the coinpot.itoi noviwoven fabrics of the 
preseriL 'inventioa and to engender the test xc-suJ ts 
provjfled in the examples heio^v ere as follo\.^s: 

A 50.C nini wide strip of the n;atarial for v;hich 
tensile strengtih is to be determined is tested in 
an Insv.;L'on Table Model TM v;ith a tension load cell 
„P» /^.>v^r,r. 4 . /- - ? 2 , 2 nev.'tcns). An r.nitial j^iv? £pr:cincj oi 
50.8 nur. is used together v;ith" a crosshead speed of 
50.8 iniTi per minute- The tensile strength is reported 
as tensile to break in newtons per iv^eter. A high 

value is desired. 

TE/Ml ST HH NriTII TES T 
Tear strength is deterrained using an E3-nenclorf 
Tearing Tester and AST^5 Test Method D-1424 , with 
the exception the sample is conditioned at 23-^ 1*^ C 
and a relative humidity of 50+ 2^. for 12 hours. The 
value is reported in grans and a high value is desired, 

DllAPE TEST 

Sampler, oi the composite npnvoven fabric are 
evaluated after being conditioned at 23+ 1"C 
and 50+ 25i relative huniidity for a minipum of 
12 hours prior to testing , 7% 305mm circular snmplo ir> 
pl£u-cd i\nd. centered on a platform screen \;hicli surround 
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o:jly Ly the Uj^^or end oT iihe poun::Lal- TIk- i?r:L:p«d form 

ir::.c.c; of the drnv^.-^cl r:aiiip.'I.C: is cui" out rUid vJeioJ'it^^l - j^i'i'-' 
Drai-.Io of t)ie v^c.-icjlit of LIk-? cirapecl iT.'iage ^"^> the v^e.ujht: of 
th'O iir»i''y ai:^rd .fl<»i: iinr.cye Jr. calculai-cd fjr,rl roportecl as tlje 
pu-rccjv:. cjxape. 7i mctericil haviuy conip.le-Le rlcjidity/ v;il:li 
zero r;vV;pc:ability, v;ould equal tho criginaD picture 
of the lent, saruple. in ai:o:3 and would have 100-^ 
drc-.po. h materia}, completely flc-:::ible, so that it • 
drtjpcci vc-rtically, v;ould ecjual the picture of 
the* r.upoortino- pedestal in size and v-ould have 6% 
drape. 

The c-:*lcul£: tion for p-^ircGni: drape is as follows: 

Percent. Drape = of dr _ aped image ^ ^.00+ 

v;t. of undraped image correction 

factor 

Correction Factors: 

number of Inv;ard Folds Correction Factor 

2 + 7.0% 

3 ' + 4-05 

4 +0-0^ 

5 - 4.0% 
A low percent drape value is desired. 

AIR PERMEABILITY TEST 
The test for air permeability of the coixipocito 
nonv/oven fabrics conforms to the ASTM Test lie thod D-737, 
with the exception that the niateri'al to ')oo tested is 
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lor D Hiinj of 12 houvc- i;.ri.,r Ho terrcing. Vhe . 
air pc.r!ue::biJ..i.ty ir. r.cuor VavI as cubic r..;.i.llimo ten- P^r 
Boconcl pe.:; square, ra.i I limcter at 12. 7n.;-. d.i. f: lerential .. 

pres.'-.uxci. h:Ujh volun-o iy cicr.irctd. 

LIQU3D C01.l"'i4N r.TniKKTHl'.ODGil 

The liquid strikf.throucjh resistance test xr. a mellund 
xor deterrr.ininy the v.^ater pre53Suro in millimeters of 
water at which water penetrates a repellent nonwoven 
fabric r.-.aterial at a specif ied . fill rate and with the 
water and nonwoven fabric at a specitied temperature. 

The strikcti:ro.jc{h tester comprises a vert.ically 
mounted clear plastic tube with an inside diaiaeter of 
50.3+ l.O-iTi with a flancje on the bottom of the tuba 
witlj rubber gaskets to hold the saniples. Each sample 
consists of at least five individual test specimens cut 

to SOrxn by 90min. 

Each test specimen is appropriately affixed to the 
bottom of the tube. V?ater is introduced into the tub« 
at a filling rate of 6.7cc per second giving a rate 
increase of water pressure of 3.3mm of water per second. 
Both the water and the nonwoven fabric are conditioned to 
23+ 1" C. When the first drop of v.'ater penetrates the 
sample specimen, the column height is read for that specimen 
in milliwnstcrs of water. The liquid column str ikethrouoh 
resictar.ce value for each sample is.. an average of the 
valiiey of tl»e b .spt-ciinens for that sample. A high value 
is dccii-od. 

Vhc- "l-.onwcJcn fabric to be tested is placed on a 
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* 

j^T^'CC:."! lop o- )-.on:%'cr; c p Jrc^bric. /VwoicjliL wit}! 

oil vbc h oi-j i.rjc J *»brlr :v--:\ip3 e 5;uc}i that the broth 

\'Kx\.v> l /iO cj';t.ire l/o Ltoiu su3:f c oa of the: weight. 7ifter 10 
iv\inul c:- t;i^; fabr^r: o:.:;iplc sr-c; tha weight are rcinovecl and 
the ].>:Lc"?;t:;c film is culturcci vs'ith a KOD7-.C plate. The 
KOD/'.C p.lin.G is incubatfed for from 24 to 4 3 hours. A 
l^ricjlit or/inge-rco r.^uccid growth ii^dicr/tes Serratia laax-cesce 
Dtrihc-through. 7»ny other y.cov.'th can b3 interpreted as 
5:;t3r^iy con tair.ination , sonici of Vv»hich is expected since 
thvi sii.v.plcrj teste a are non-sterile. K positive control 
of the trvpticasc sov broth should be run with each sot 
of saniples to insure viability of the broth. The test is 
repciated xvith different v/eights until strikethrough 
occurs. The test is reported as the maximum pressure 
(ki.Tonowtons/m'^) at v-'hich no Serratia marcescens occurred. 
7vgain a high Vciluo is desired. 

V7F.T res: I STANCE TEST 

Saniples of fabric to be tested are cut into ISOmin x 
150!Tun sguarf?s v/ith a 12.7nm diar:;eter. hole cut in the center 
Each sample is placed in a weighing bottle and dried 
in cin oven at 11 CC for 2 hours. The temperature and 
drying time may be adjusted for different types of 
fabrics. After removing the samples from the oven, they, 
are plc^cnd in a dcssicator and are allowed to cool to 
room tciai^crature (tipproxima tely 1 liour) . 

The sainplcs xire then weighed to the' Yiearest 0.0001 
gram. ELich Sciiaplo is then placed on a Taber <ibraser- 
Kenearch jModel and the v/eifjht is set to a 12 5 gram load 
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. f.n-« vhc--3 f- ,-.vr.. ;.:;<.v3. TWO cubic ccr1iw.H-cri;.;^ . 

Xi. J. tot. .-•Jul the fjrii'.'pac j:s b.i:v..siit!Cl, cmrt^ that .-i. 13. 

iv):i-iitl ;ich::d p.-ii" tide:, r-x o rer?.os'(-d . The part:;c?-C£< 
\.Oilch ro:c> Ico-soly tttacliba to the fabric renain . The 
\;l.,-c^lr. ar;c ta^Ic are dried and bxviShed tc rcr.ove nny 
clinoir.v. p.-.r. ticler. . Each car..ple is ayain i^laced in a 
v.-.-'.ti .iiic- bwttD.e co-id co'/APletely driocl in an oven (the 
tii.'.v. i^ncl tc:.>peiMtoro being adjusted accoraino "Lo the 
fc;Lric bci:?rj teolreo) . After each saiV.plG is removed 
xrc-.i ti'u- ovor. aiici cc-^oled to room tempereiture , it is 
a^ciin v/oiv.);cc: and record-d , and the v;eicht loss in lailli- 
15 c::-;i:.;s is cc.:;\putcd . A low iv.ir-ber is desired. • 

rvLPr.4-';Er:> pfj^ssl-re liquid strikethrougk 

RESISTAKCK TEST 
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SamplfiS to be tested are cut into squares approJii- 
naLely 150 -.n on a side v;ith a 10 itjti diameter hole cut in 
the center. A circle of 50 ir.n .ciiaraetcr white filter paper 
(Whatman 4 0 is suitable) with a 10 rm diameter center 
lioDe, is pDaced in the turn table , of a Tr.bcr Rc>.search 
nodca Abra.scr. The fabric sample is secured in place on 
25 the abra5:=er over the filter paper. V?ith the counterweight 
set for a 3oad of 125 Cjrains per wheel, the v/hcel-s (C<;-y 
c^rade) are lo-worod cjently onto the .sa:nple. One cubic conti- 
r.:-l r:r dycrl watr-r .is pipcthod onto the r.aiuplc: in front of t 
.vicilit wliccl, Thn abrastn: i;-- switched on for 5 cycles ."'nd 
30 vh.:n btoppod. Tlici whoolf; arc 3. if ted and tlie filter paper 
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ind:; I i >tci :: Lr:i };ci:hrcO'^)i , If no hit.Likc^l'uoiiCjJ: ir ^r/icict 

Jiotc-Ll c-r unt.il 'JOO c^'clr.r; ar^- yu^*cht:vl, 'j'hrcc r o}.»lic:: tec 
cire ovc:^".:C|od uiifi -Lhe result rt^povted ir^ the nuinbci of 
cyc:3»'»5. ?rc-:ach'jd b:?fo::»:: fv;:.r il;ci i-.hro\:oh occvrs, 7i l^^y/i 

« - ib< 11. .'—1 X-i 

Tho follov5.ng is a series of exaiYiplc-^iv as dei^cribed 
belcw. Each oxcunple wjj..s tested for basif; v.-eight:, air 

* 

perii-ecbi lity, liquid column strikethroucjh^ bacteria 
s tirkeihrc\:igh , drape, ElMendoxf tear, tensile 
strength; abrasion rosistance and repeated pressui-e 
liquid strihethrouch. Tlie result.-, of tbc-^se tests are 
set forth in Tables I, II and III. 

A three ply composite,, nonwoven fabric was made 

utilizing blue apertured polyethylene film as generally 

described in the above mentioned U.S. Patent 3,929/135. 

The apertured film had an initial film thickness before 

aperturing of 0.03 miri. Two microfine fibers webs were 

used. ■ These v/ebs were melt blov;n polypropylene with 

an average fiber diameter of about 3 microns ^ a basis 

2 

weight of about 15.5 g/m and an initial density of 
about 0.08 g/cc. 

A cover ply of the apertured film, oriented with 
the cones extending away from the fabric structure, and 
one web of polypropylene microfine fibers v;cre Iciid 
together v.'ithout bonding. A second microfine fiber 
layer v;as lient embossed to stabiXixe its surface 
against abrai^ion, using a broken linen pal'.tex-n roll 
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* 

r!«aini:.t a rul r l.."c.V.-u3i roll. riici o.nbnrvsiiig ro3.3 

1:c;u:pGrai:urc wns ll'^^'C. The nip pre5.;surc: was 20.2 

de;j?:.:lt.y of th-^r: o'Zino fibe.; v/eb cifi'.er surface 

<;l:abili:iCHLion vv^as abouL 0.10 g/cc. This stabilized 
Ttxicrof.in^^ fiber vK-b v;fis laid on the t:trv\cture acjainst 
the first inicrofine fibar web with no bonding. 

T\ loxir ply/ con.posite, nonwoven fabric was made, 
which was identical to the fabric of Figure 1 with the 
exception that a fourth ply of spunbonded polypropylene 
sold by Crov:n Zellerbach Corporation of Camas, VJashingtonj 
under the r?.ark "Fibertex" was laid between the two 

inicrofine fiber webs. The spunbondsd polypropylene v:eb 

» 

served as a strength ply and had a basis weight of about 
17 g/m^. The process conditions used to heat stabilize 
the outemcst microfine fiber web vjere changed to an 
embossing roll temperature of 96 ^'C, and a web speed of 
0.1 m/sec. 

EXAl'iPLE II I 

Another four ply, composite, nonwoven fabric v;as 
made. This fabric v/as identical to that of Example I 
except that tliere v;cis no heat stabilisation of the 
second inicrofine fiber web and a second apertured film 
was placed over the second microfine fiber w»eb to form 
a second cover ply- The cones of both apertured film 
pliey pointed outward, ciway fy€»m the center of the fabric 

EXAT-I PLE IV 

Another four p3.y, composite, nonv;oven fabric was 
made utili'/ing the foD lowing materials: 

(a) a blue apertured film identical to that 
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• * 

Rir..^.^ rro.':Kc Corwr. • .1 ion, JiiLIorci, He .jc.j::r-y \i -ider 

" . 2 

111:- :iv.^t 1>" ni ^' li:wivi9 bc^j-it; v;c:i c,!*! o^" 15 c^/ju ^ 

:Mi '^v.:rcion vibor diiJii.^;tc j: of 3.2 !:dcr on:; cinci a cioiisity o 
0.07 oA'-<^' 

(c) cj rayon co LUficl v;e;.> .--o-l t1 by Irving Tcxtilt-i 

n^j-c)ri.>.:.l-.r , Inc. of Atcj!! *^::, Pennsylvania, under jnarJ: 

2 

"Conr.exL" and having a basis v^eighi: of 17 g/m • 

(d) an c4crylic l-:t.ex einuj.v.ion sold by the Celcxnese 
Corpor^jtion ol Kgv; yorh,^ Hev/ York, under -the mark "Celca 
Cril 10G4 5". 

A 50^6 r>olici solution of acri'lic lat'-rix V7ss 

Ijantl i^prayea ontio a j-.iicrofine fiber veb at about 1 to 

2 

2 cjrcizns sol ici.';/jii applxcfition rate. Blue aperturoci 
filn>, vith its cones extending av/ay from the microfine 
fiber \^eh v/as adhered thereto passing the fi3.m and 
the microfine fiber v;eb through a set of nip rolls 
undc-r less than 4 5 newtons/m pressure. The adhesive \vas 
air dried. In similar fashion a rayon carded web was 
adhered to another microfine fiber v/eb. These two- 
p3y laminates were thereafter laid together with the 
microfine fiber webs adjacent each other. 

EXAI-IPLE V 

In this example the materials v/ere identical to 
those described in Example IV. A two-ply laminate of 
an apertured film and a microfine fiber v/eb v.-as 
prepared as described, utilizing the acrylic latex 
emul5:5ione This two-ply laminate v.'as laid together with 
two ii;f>re microfine fibei* webs and a carded rayon v/eb 
sncli that the three microfine fib.7-r webs were adjacent 
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aj.u ray or; c;a.v<V;rd vjeb. 

In tliis c;y.ciiivj;le u J:ivc-p].y,- co:npo:'it , aionv;ovcn 
5 v;cb v-a^; nrepcU:r?Ji. The fabric v.as prepared utiln i^iijiq 

the b.lue apc-.rti:rad cM-:i;cr 5 bc-a irs Example I, tv;o 

polypropylene irdcrofine f?,ber \?e.hs of tbe type described 
an E.>:anple I, a 17 g/ift spunbonded polypropyD.ene web of 
the type described in Example i;r and a 17 g/w^ carded 
10 rayon web of the type described in Example IV. All 

five of these, webs were laid toyether witliout bonding in 
the following order: apertvired film (cones directed 
outv.-ardly of the fabric) , a raiciofine fiber web, the 
spunbo3ided polypropylene web, a second raicrofine fiber 
15 web and the carded rayon web. 

EXAI-IPLE VII 

This example comprised a three-p.ly, co.-npossito, non- 
woven fabric identical to that of Example I with the 
exception that the apertured film cover ply was replaced 
2 0 by a cover ply of spunbonded rayon produced by Asahi 
Cheniical Industries. Limited, Osaka, Japan, under the 
mark "P.smliese" grade GS-302. The basis weight of the 
spunbonded rayon cover ply was about • 30 g/m^. 

EXAMPLE VIII 

2^ Example VIII conprised a commercially available 

flaijjjspun polyo].efin nonwoven fabric sold by E . I . 
Dupont de Tv^eraours, Vvilnington , Uela\>rare, undor the 

. . ; 

mark "Tyveh", cjrado 144/JS. 

EXAMPLE IX 

'■t'^'^is ex:iiap].e compriGed h jicnv/oven fabric: in the foinn 
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the i:.ci>]; "o]i.lo li" . Tha iVt^: l C'/:ia!! ^our tissue plJcf.; 

cuid i! K'ylori r:cT i?.. .ii..:vir:<j n i;pac:jj;c; o.C , 3 nun x 5.1 r.\\\ 
CiUC lo:.-:5tccu bo'L'.;o*:i. i:J:c r.CiCt.Miu cHid third ?:;sne i.ilicr. , 

Tli'j. lionwoven rubric of thJ.s exciiViple conprised a 
bydr ;ju] ica.'l ly c->n tcJncjlco' polyrister and v;ood pu.lp fabric* 
The r.ar:-ple v;a£. u?.:kt:n f>"oi:i a coirjnercia3.1y availf<ble 
suryicf;! cjov/n pcicJ^ )Tic.nuf o.c ^-urect by The Surgihaii Division 
of Joh;uson Johnsjon, of Iv-ev; Brirnswick, Nev; Jersey/ 
under tlio mark " J:'.c-:rrier.'*' , 

The fabric of Example XI corr.prised a spunbonded 
polyestc^r reinforced tissue laminate for surgical gowns 
made by the process set forth in the above mentioned 
copending application Serial No. 741,64 0^ 

EXAMPLE XII 

The fabric of this exaniple comprised an unwater- 
proofed reusable cotton muslin drape/gown material sold 
by Kansas City V^hite Goods Manufacturing Corapany, Kansas 
City, Missouri, under the designation Type 140 Muslin 
Sheeting. The fabric v/as new and was tested without 
any laundering. 
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in the colunin of Table I v.'hich sets forth the 
bacLorla strikothroucjh reDultP, the sign indicates 

tliat the. fabric did not fail vrithin the 10 minute 
tijae pcrio:! at the indicated pressure. Examples 1 
throxKjh 7 arc examples of cos^posite nonwoven fabrics 
nade in accordance with the teachings of the present 
invention. For these Bxamples "side 1" has been designated 
to indicate th^i side ir.ost likely to be outermost on a gown 
or uj.pernost on a drape, thus being the side more likely^ 
to have liquid loadings; and/or abrasion in use. Specifically 
jn rxi.-n-.pler. 1, 2 and 4 throucjh 6, side 1 is the apertured 
film s.;dc, and in 1- xai'-plo 7, side 1 is th^ ypunbonded rc.yor, 



sitle. i::.:aii!plc 3 and the prior art E>:a>t\plcs 0 through 1^. • 
liave eiu:e)itially identical surfaces and their data have 
been shown only as side 1. Basis v/eight, air permeability, 
drape, tensile and tear do not depend upon the surface 
differences and have been shown without reference to side ' 

for all Exiintples. • 

A coiuparison of the air permeability, liquid column 
strikethrough and bacteria strikethrough coluir.ns of 
Table I -will show that the fabrics of the present 
invention possess a liquid and bacteria strikethrough 
resistanco/air permeability relationship not possessed 
by the prior art fabrics. A comparison of the air 
permeability (Table I) and repeated strikethrough (Table II) 
from the outer or upper side (side 1) of the fabrics of the 
present invention will show the same unique strikethrough/ 
air pcrmerbility relationship- and will also shov; the 
importance of apertured film as a- cover ply. It will be 
noted that the repeated pressure strikethrough data from 
the inner or underside (side 2) of the fabrics of the 
present invention are better than all prior art Examples 
\v-ith the exception of Example 8 which is less desirable 
as a surgical fabric in that it possesses essentially no 

air permeability. 

The drape column of Table II reveals that the fabrics 
of the present invention demonstrate excellent drape 
characteristics approaching that of cloth and generally 
better than most nonwoven pr ior . crrt ... It will be noted from 
Table III that the fabrics of the present invention 
demonstrate an abrasion resistance which compares favorably 
vith or is superior to the majority of the prior art fabrics 
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WHAT WE CLAIM IS : 

1. A composite nonv.'oven f&bric cha rac teri sed in that 

it comiDrises at least t.\<o hydrophobic plies of microfine 

fibers having a fiber diameter of up to lO microns, each 

of said microfine fiber plies having a basis weight of at 

2 

least 10 g/m and an initial density of up to 0.15 g/cc, 
and at least one air permeable./ nonwoven cover ply, said 
at least tv7o microfine fiber plies and said at least 
one cover ply being bonded together at their peripheral 
edges. 

2. A f.-^bric according to Claim 1 vrherein the microfine 

2 

fiber plies each have a basis v.'eight of from 15 g/m to 

2 

about 30 g/m . 

3. A fabric according to either one of Claims 1 and 2 
including up to 5 of said microfine fiber plies. 

4. A fabric according to any one of Claims 1—3 v/herein 
said at least tv70 microfine fiber plies each comprise a 
melt-blown web made from at least one material chosen 
from the class consisting of nylon , polyester and 
polypropylene • 

5. A fabric according to any one of Claims 1-4 wherein 
said at least one cover ply comprises a liquid impervious 

" film having a plurality of tapered capillaries formed 
therein . . 

6. A fabric according to any one of Claims 1-4 wherein 

said at least one cover ply comprises a spunbonded web 

made from at least one material chosen from the class 

consisting of rayon, polyester, polypropylene and nylon 

and having a filam.ent diameter of up to 40 microns and a 

2 

basis weight of up to 34 g/m . 

7. A fabric according to any one of Claims 1-4 wherein 
said at least one cover ply comprises a web of discontin- 
uous fibers of a length of at least 10mm and made from at 
least one material chosen from the class consisting of 
cellulose fibers, rayori/ fibers , polyproplyene fibers, 

■ 

polyester fibers and nylon fibers, said cover ply having 

2 

a basis weight of up to 34 g/m . 
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f ? :i »ji L:. ri:Ki.u::.-L^-:r up to microns, or dih-L^or.tinuous: 
l':i.LH"';j ]c>K>t]i of! ^t. lrfa£:L lOi^fi mad;^ €3*0:^ c;nc;^ or more 

of rr-zyODr ;..o\y v.; L;';;c-r , polyprr.py leiir: cind nylon. 
S. A vabriv-: cxccorO xny to cioy one of Claims 1-8 having 
o:- <:?:i.r pc'ri;.c:aMlity ox at lec.::;t ISOnim /Moc-iniu", a liquid 
coliarin £t3^'ke: through rosistancr: of at Ica.st 250rijn, and 
a bacteria strikethrougb rcsist':iJice of ut least 20 
k.vloncwto:;';/n:'^, each of said irdcrofine fiber plios 
havincj a density of up to O.l g/cc. 

10. h fabric according to any of ClaiTn.^ 1-9 including 
tv?o cil?: porri:ei:.bIe , nojn-;oven covor pi ion* 
li . A fa]:>vic according to any one of Claims, 1-9 
v:horr-»in Q:.o of said at least tv;o microfine fiber plies 
forr.s an outermost ply of said composite nonwoven 
fr.v^Tic, said outermost inicrofino fiber ply being 
s\irf ace stabilized . 

12. A fabric according to Claim 11 v^heroin the cover 
ply is hydrophilic spunbonded rayon. 

13. A fabric according to any one of Claims 1-12 
v:herein sohiG or all of the plies are additionally 
joined together by £:pot bonds. 

14. A fabric according to Claiir. 10 one of said cover 
plies con-;prising a liquid impervious film having a 
pl\\ra].ity ox tapered capillaries formed therein, the 
cLht-r of sciJd cover plies coiv.pr.ising a hydrophilic v^eb 
of di.ocontir.uous rayon fibers of a length of at least 
10-v.Ui;. the liu>t mcntioncr:d cover ply having a basir. 
v;oicjht of up to 34 the labric including tv;o or 
tliX'f^w' iniciof;r.c> fiber p.l.ic*r. con-pr J :.5i ng v:ebs of m::]t- 
l>lov\M po!i yp^ cpy lone . 
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